A possibility to monitor the reclamation activities by remote sensing was discussed. The lights observed in the night time by Day Night Band (DNB) of Visible Infrared Imaging Radiometer Suite (VIIRS), ocean color observed in the day time by visible bands of VIIRS were the tools to monitor the surface activities, and the Automated Information System (AIS) was used to verify the types and number of vessels associated with the reclamation activities.
Introduction
The South China Sea (SCS) is the second largest semi-enclosed sea in the world and hosts a large marine ecosystem with the terrestrial inputs from rivers [1] [2] [3] . The SCS Basin in the north-east half extends the maximum depth to 5000 m ( Figure 1 ). The continental shelf less than 200 m covers the major southern half Figure 1 . Bathymetry map of South China Sea, where the study area is indicated by a rectangle. Bathymetry map was generated from the bathymetry data of NASA SeaDAS.
of the SCS, along the coast of China, Vietnam, and the archipelagoes of Philippine, Malaysia and Indonesia. The SCS region is rich in both renewal fisheries resources, particularly pelagic resources, and hydrocarbon resources [4] [5] . The waters on the SCS could be classified into two regions including the coastal water and potential transboundary for fisheries. The SCS provides the surface routes between the Far East and the Middle East because of its geographical location as the International Sea Lane to transport petroleum resources and commercial products vice versa [6] . More than half of the world's commerce is traveled by sea and about half of the world's oil tanker shipments pass through its water [7] . Spratly Islands on SCS were proclaimed for an entire or partial ownership by China and some countries [8] [9] [10] [11] . China built artificial islands with a total area of close to 3000 acres on seven coral reefs in the Spratly Islands from December 2013 to October 2015 [12] . The dredging and filling operations over the reef systems have raised concerns over potential damage to important ecosystems and associated fisheries [11] [12] [13] . Recently available remote sensing data, i.e., Operational Land Imager and Thermal Infrared Sensors Terrain Corrected images, allow quantification of the sharp contrast between the gain of land and the loss of coral reefs resulting from reclamation in the Spratly Islands [14] . According to Asia Maritime Transparency Initiative (AMTI), the first dredger was observed at the Mischief Reef on January 25, 2015 [15] . Dredging and deposition operations continued until the middle of 2015. Aerial photography showed the last dredgers on June 10, 2015, at which •sr −1 , which is a sufficient signal to noise ratio, and to the maximum radiance of 100 nW•cm −2
•sr −1 , which is the saturation level of DNB [20] . At night, the DNB maintains a nearly constant pixel foot print of 742 m, where the subpixels are aggregated in both the scan and track directions according to a complex scheme to achieve the near constant resolution of 742 by 742 meters across scan and along track [20] [21] . As the spatial footprint of the DNB is large enough that several boats could be present in a single pixel, a validation effort would be required to define the types of boats that are detected in terms of the installed wattage of lighting, lighting types, shielding present on the lights and orientation of the lights while in operation [21] . The DNB has a wide variety of applications from this optical property [22] .
The DNB data were applied to the analysis of urban activities from street lights [17] [20]- [25] , the recognition of fishing boats from lights for fishing [21] . E-Navigation is conceived to improve the traditional traffic management instruments and measures by enhancing berth to berth navigation and related services for safety and security at sea and protection of the marine environment [36] . AIS data is possible to detect anomalies, being caused by illegal actions, such as smuggling, pollution, and unauthorized fishing, and or piracy application [36] [37] [38] . Two approaches have been reported to detect anomalies by the grid-based approaches and the methods using vectorial representation of traffic [36] . Unfortunately, AIS data transferred and received can be manipulated or hindered with a limited trustworthiness due to the fact that every vessel owner can manipulate the system or can completely turn it off [39] [40].
DNB on VIIRS provided a new era to observe the lights from the surface in the night-time and in the real-time. The DNB is a good tool to monitor the anthropogenic activities on the remotely located ocean. As the reclamation activities on SCS were the significant concerns for countries facing to SCS, a possibility of remote sensing by DNB, as a change of light intensity from the surface, and by the chlorophyll-a concentration, as a proxy of sediment concentration associated with the dredging activities, were examined. Those two remotely monitored parameters were validated with the AIS data, which report the number of vessels with its name, type, and other related information. 
Data and Method

Objective Analysis of DNB
Chlorophyll-a Concentration as a Proxy of Sediment Concentration
Chlorophyll-a concentration is also derived from the observation by the visible bands of VIIRS over SCS using As it is difficult to analyze the chlorophyll-a concentration using the daily observation or the weekly composite due to the frequent presentation of clouds in this region, the monthly composite data were generated for the temporal analysis.
The series of GeoTiFF data of chlorophyll-a concentration are opened on ArcMAP for the scale variable objective analysis as well as DNB analysis. The object size was determined as a radius of 5 km from the center of reef.
Historic Data of AIS
The historic data of AIS over SCS from December 2014 to August 2015 with an interval of 5 days were purchased. Each AIS data are opened on ArcMAP and the data included within the region of interest was clipped, which is defined within a diameter of 5 km from the center of the coral reef. The clipped data was transformed into the excel format with a function to convert from the table to excel so as to identify the Maritime Mobile Service Identity (MMSI), ship category, and gross tone. (Figure 2(n) ) exhibited a decrease in concentration within the reef. DNB on Aug. 14 ( Figure 2(o) ) showed the lights are scattered within the reef but Chlorophyll-a concentration in August (Figure 2(p) ) showed a very low concentration within the reef as well as January 2015. Figure 4 shows the classified results of vessels by types and MMSI within the region of interest of the Mischief Reef within a diameter of 5 km from the center of the reef. The types of vessels are classified to tug and supply, dredger, cargo, 
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The dredging and reclamation activities on SCS was monitored using the lights 
